The incidence and type of congenital abnormalities occurring in a closed beagle colony over a 7-year period is recorded. Examination included I 360 pups at birth, 758 of which were also autopsied at an age of about 20 months: 9 major abnormalities and 6 cases of cryptorchidism were found, an overall incidence of 1.1 %.
(1963) reported 2 cases of hydrocephalus and I of cleft palate in 65 autopsied pups that died within 48 hours of birth in a group of 250 litters. Stevenson (1963) reported congenital diaphragmatic hernia in 2 pups of a single litter 42 R. MARSBOOM, J. SPRUYT, CH. VAN RAVESTYN from a group of 90 closely related pups. Hodgman (1963) recorded 6 cases of hip dysplasia and 6 of uterine inertia. Fox (1964) discussed a case of polyarthrodysplasia in a pup. Murti (1965) reported 5 cases of agenesis or dysgenesis of the kidneys. Smith & Scammell (1968) reported 54 abnormalities in a group of 2 855 pups produced over an 8-year period: 4 cases of inguinal hernia, 4 of umbilical hernia, 10 cases with limb deformity and cardiac defects, 3 with eye and eyelid defects, 2 cases of bulldoghead, 1 pup with polyarthrodysplasia, and 30 pups with the kidney syndrome.
Of the 54 pups with abnormalities, 40 descended directly or indirectly from a single sire. Heywood & Wells (1970) reported 29 cases of retinal dysplasias in the eyes of a group of I 064 beagles. Redman, Wilson, Bielfelt & McClellan (1970) reported 8 abnormalities in I 479 pups, consisting of didactylism or varying degrees of cleft palate.
It is difficult to make valid comparisons between the incidence of recorded abnormalities because the observations did not always result from systematic research, and autopsy was not always carried out.
The present study reports the number and type of congenital abnormalities that occurred in a closed beagle breeding colony over a 7-year period.
At birth all pups were carefully examined for any external abnormalities.
Radiographic examinations were carried out if indicated. Stillborn pups were autopsied and examined for visceral abnormalities, and animals that had been used in pharmacological and toxicological research were also autopsied and examined for congenital defects.
BREEDING RECORDS
A beagle colony was started at our laboratory in March 1963. Records of the parentage of dogs acquired, and the history of their offspring, have been kept. A total of 24 adult pedigree females and 4 adult pedigree males were purchased from 4 different kennel operators in 1963. No additional outside breeding stock has been introduced since 1964. From examination of the pedigrees we found that the 4 beagle strains acquired were not related in any way to each other.
Although the ancestry of the colony is dominated by a small number of sires, heterogenicity is still preserved within the colony. Selective breeding is carried out for uniform size (12-16 kg) and conformation, fecundity, docility and freedom from inherited defects. Parents over 6 years of age and offspring from litters which included abnormal pups are never used for further breeding.
A total of 1 360 pups were born in 235 litters over a 7-year period ( The high mortality rate in 1963 and 1964 was due to severe nematode infestation.
With the correction of our vaccination scheme and the use of tetramisole (Janssen Pharmaceutica) as the routine anthelmintic since 1964, the health of the colony greatly improved, with almost complete freedom from intestinal nematodes (Thienpont, Van Parijs, Spruyt & Marsboom, 1968) and satisfactory immunity against distemper.
In 1966 severe outbreaks of coccidiosis (Eimeria canis and Isospora bigemina) and lambliasis (Giardia lamblia) were responsible for the 18.2 % mortality rate in pups before weaning. In comparison with other breeders' records, the 5.0-8.0 % mortality recorded for 1965, 1967, 1968 and 1969 in suckling pups is extremely low.
ANALYSIS OF ABNORMALITIES OF BEAGLES BORN FROM JULY 1963 TO DECEMBER 1969
All pups examined belonged to the breeding colony and were born to females which were left untreated with any drug during the first 7 weeks of gestation. The examination at birth of 1 360 pups, further close observation during life, and the autopsy of 758 animals (379 males and 379 females) used in pharmacological and toxicological research, revealed the following congenital abnormalities. August 1962 , purchased March 1963  whelped 13 pups in 3 litters with a malformed foetus in the 3rd litter. The malformed pup was a live male with a cleft of the cranium with encephalomeningocele (protrusion of the brain and the meninges) and a hydrophthalmus of the right eye. A cleft lip was associated with a cleft jaw and palate. The left fore leg showed syndactyly (fusion of 2 digits). No further deformities of the skeleton were detected radiologically. At autopsy there were no visceral abnormalities. 2 other litters by another sire were normal. Case 4. Breeding female no. 245, born in the colony 22 July 1965; whelped 7 pups in her first litter, 1 of which had multiple abnormalities. This pup was a live male with cheilo-gnatho-palatoschisis (cleft lip, associated with a cleft jaw and palate) and hemimelia (distal portions of both fore-limbs missing); radiological examination showed that only the scapulae were present. The right hind paw showed ectrodactyly (1 digit missing) and arachnodactyly (abnormally long central digit). On further radiography the 1st, 2nd and 3rd phalanges of 1 digit were shown to be missing, tail bones and some ribs were absent, and several ribs and lumbar bones were fused. 4 following litters by the same sire and 2 litters by another sire were normal; a total of 40 pups was born to this female.
Cases 5, 6, 7, 8. Breeding female no. 154, born in the colony 5 January 1965; whelped 29 pups in 6 litters. 2 5-week-old pups from the 1st litter showed retarded growth, and at autopsy hypertrophy and dilatation of the right atrium and ventricle were revealed, with a patent ductus arteriosus. No other abnormalities were observed in these 2 pups. 1 unilateral cryptorchid was found in the 2nd litter and a malformed living male pup in the 4th litter (meningo-encephalocele). 3 other litters were normal. This female was excluded for further breeding because the rate of stillborn foetuses was also extremely high (15 out of 29). 
DISCUSSION
Drug-induced malformations have been described in many mammals including man, dogs, sheep, swine, rabbits, guinea-pigs, hamsters, rats and mice, and studies have been reported in rhesus monkeys, opossum and armadillos (Wilson & Warkany, 1965) . For the purpose of teratogenicity studies, dogs have not been used extensively because there is a limited number of heats and a long gestation period.
Moreover the interpretation of the results of such studies is only possible if the normal incidence and type of malformations for a particular laboratory strain are known.
In our colony the 15 abnormal pups (out of 1 360 examined, an incidence of 1.1 %) born over 7 years fell into the following groups: hydropic foetus (I);
skeletal abnormalities (4); heart deformities (2); visceral abnormalities (2); eye-lid defects (1); cryptorchidism (6). It is possible that other abnormalities remained undiscovered as only 186 stillborn pups and 758 adults, which had been used in toxicological research, were autopsied.
A detailed histological study was carried out for all these adults. (Table 2) showed that there was no association between particular ancestors and the 9 major abnormalities described. Females no. 9, 14, 17, 22 and 25, each of which produced 1 abnormal pup, were purchased from the same kennel and were probably related to each other.
Female no. 48 certainly belonged to another strain. The 6 other females with abnormal pups were born in the colony.
However, 5 of the 6 cryptorchid pups could be traced directly or indirectly to the same vigorous sire (no. 3), which dominated the ancestry of about 27 % of the colony.
Further selection of the breeding stock from normal lines is necessary in order to bring about a reduction in the incidence of this abnormality.
